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(54) Computer system with interrupt controller and power management unit 

(57) An interrupt controller includes an interrupt 
request register for receiving interrupt requests 
from various peripherals or I/O devices via a set 
of request lines. A priority resolver is further 
provided for comparing the priority level of the 
interrupt lines, latching the lower priority re- 
quests in a stand-by mode, and directing servic- 
ing of the highest priority level. An in-service 
register is provided for storing the identification 
of any request line that is being serviced by the 
microprocessor. In one embodiment a set of 
signal lines are coupled between the in-service 
register and external terminals of the integrated 
circuit on which the interrupt controller is fabri- 
cated. A power management unit may be coup- 
led to the external pins of the integrated circuit 
and thereby receives real-time information re- 
garding an interrupt request that is currently 
being serviced and regarding interrupt service 
routines that have completed. Using this infor- 
mation, the power management unit advan- 
tageously stops unused clock signals and/or 
removes power from inactive circuit portions 
when an interrupt routine completes without 
having to estimate the time of completion. By 
accurately stopping unused clock signals and 
removing power, a reduction in the overall 
power consumption of the computer system 
can be attained. 
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This invention relates to computer systems and 
more particularly to interrupt controllers and power 
management within computer systems. 

An on-going developmental goal of manufactur- 
ers has been to reduce the power consumption of 5 
computer systems. Reducing power consumption 
typically reduces heat generation of the system, 
thereby increasing reliability and decreasing cost In 
addition, power reduction has been particularly im- 
portant in maximizing the operating life of battery- 10 
powered portable computer systems. 

Various techniques have been devised for reduc- 
ing the power consumption of computer systems. 
These techniques include increasing the integration 
of circuitry and- incorporation of improved circuitry 15 
and power management units (PMU's). One specific 
power reduction technique involves the capability of 
stopping (or reducing the frequency of) clock signals 
that drive inactive circuit portions. A system employ- 
ing such a technique typically includes a power man- 20 
agement unit that detects or predicts inactive circuit 
portions and accordingly stops the clock signals as- 
sociated with the inactive circuit portions. By turning 
off "unused" clock signals that drive inactive circuit 
portions, overall power consumption of the system is 25 
decreased. A similar technique involves removing the 
power supplied to inactive circuit portions. 

The power management techniques of stopping 
unused clock signals and/or removing power from in- 
active circuit portions as described above are fre- 30 
quently employed within interrupt driven systems. In 
an interrupt driven system, peripheral and I/O devices 
such as keyboards, displays, timers, sensors and 
other components execute certain tasks indepen- 
dently of the central source or microprocessor, but re- 35 
quire communication with the microprocessor at ir- 
regular, random and therefore asynchronous inter- 
vals. In such systems, a particular peripheral or I/O 
device generates an interrupt signal which is passed 
on to the microprocessor via a dedicated interrupt line 40 
or channel to request that the microprocessor inter- 
rupt its processing and communicate with the partic- 
ular peripheral or I/O device. Upon detecting an active 
interrupt request, the microprocessor transfers con- 
trol to service the particular request. 45 

A microprocessor typically services many periph- 
eral devices over a single input-output channel which 
can only be utilized by one peripheral at a time. Con- 
sequently, a priority is assigned to the various periph- 
eral devices to discriminate between concurrent inter- so 
rupt requests to service the most urgent before the 
others. Conventional systems have dealt with the 
problem of multiple interrupt sources by providing an 
interface circuit between the microprocessor and the 
peripherals to centrally sort, prioritize and control the 55 
interrupt sequencing. One such circuit is the 8259A 
series programmable interrupt controller manufac- 
tured by Advanced Micro Devices, Inc. and described 



in the publication "MOS Microprocessors and Periph- 
erals"; pp. 3-371 through 3-388 (Advanced Micro De- 
vices, Inc. 1987). This publication is incorporated 
herein by reference in its entirety. 

Most interrupt controllers handle interrupt re- 
quests from eight or more peripherals or I/O devices. 
Each interrupt source is provided an interrupt service 
routine at a specified vectoral address for servicing 
the interrupt request Each interrupt source has its 
own interrupt request line, and programmable con- 
trollers such as the 8259A allow for identification and 
prioritization of the various sources upon system ini- 
tialization. In typical operation, the interrupt controller 
recognizes interrupt requests and passes the highest 
priority request to the microprocessor, while holding 
lower priority requests until the processor has com- 
pleted servicing the interrupt in progress. 

When a power management unit within an inter- 
rupt driven system including an interrupt controller 
has stopped the clock signals associated with, for ex- 
ample, the microprocessor, the memory subsystems, 
and/or other inactive peripherals, the power manage- 
ment unit typically monitors the interrupt request 
lines. If an interrupt request signal is detected, the 
power management unit re-starts the clock signals of 
the microprocessor and other peripheral components 
to thereby allow execution of the interrupt service rou- 
tine. Since the power management unit is typically un- 
aware of when a particular interrupt service routine 
has completed in such systems, the power manage- 
ment unit is programmed to re-stop the clock signals 
after an estimated period of time has elapsed. To en- 
sure that the interrupt service routine has ample time 
to complete before the clock is re-stopped, the power 
management unit usually keeps the associated clock 
signals on substantially beyond the time at which the 
interrupt routine actually completes. In such a sys- 
tem, however, power is wasted when the clock signal 
is driven beyond the actual time of servicing the in- 
terrupt. A similar consideration applies to a situation 
in which the power management unit has removed 
power from a particular circuit portion. 

The problems outlined above are in large part 
solved by a computer system including an interrupt 
controller according to the present invention. The in- 
terrupt controller may include an interrupt request 
register for receiving interrupt requests from various 
peripherals or I/O devices via a set of request lines. A 
priority resolver is further provided for comparing the 
priority level of the interrupt lines, latching the lower 
priority requests in a stand-by mode, and directing 
servicing of the highest priority level. An in-service 
register is provided for storing the identification of any 
request line that is being serviced by the microproces- 
sor. In one embodiment, a set of signal lines are cou- 
pled between the in-service register and external ter- 
minals of the integrated circuit on which the interrupt 
controller is fabricated. A power management unit is 
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coupled to the external pins of the integrated circuit 
and thereby receives real-time information regarding 
an interrupt request that is currently being serviced 
and regarding interrupt service routines that have 
completed. Using this information, the power man- 5 
agement unit advantageously stops unused clock sig- 
nals and/or removes power from inactive circuit por- 
tions when an interrupt routine completes without 
having to estimate the time of completion. By accu- 
rately stopping unused clock signals and removing 10 
power, a reduction in the overall power consumption 
of the computer system can be attained. 

We will describe a computer system comprising 
a peripheral device capable of asserting an interrupt 
request signal and an interrupt controller including at 15 
least one interrupt request line for receiving the inter- 
rupt request signal. The interrupt controller includes 
a control circuit capable of generating a microproces- 
sor interrupt signal in response to the assertion of the 
interrupt request signal and an in-service register for 20 
storing data indicative of whether a particular inter- 
rupt request is currently being serviced by a micropro- 
cessor. A power management unit is coupled to an 
output line of the in-service register, wherein the pow- 
er management unit controls a clock signal or the 25 
power provided to a computer subsystem depending 
upon the data stored within the in-service register. 

We will describe an interrupt controller fabricated 
on an integrated circuit chip comprising an interrupt 
request reg ister for receiving a plural ity of interrupt re- 30 
quest signals from a plurality of peripheral devices. A 
priority resolver circuit is coupled to the interrupt re- 
quest register for directing the servicing of a highest 
priority interrupt request signal. A control circuit is fur- 
ther provided for generating a microprocessor inter- 35 
rupt signal in response to the highest priority interrupt 
request signal and for receiving an acknowledge sig- 
nal from a microprocessor. An in-service register is 
coupled to the control circuit for storing data indicative 
of whether any of the interrupt request signals are cur- 40 
rently being serviced by the microprocessor. An out- 
put terminal is coupled to an output line of the in-ser- 
vice register, wherein the output terminal is capable of 
being connected to devices that are external to the in- 
tegrated circuit 45 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and advantages of the invention 
will become apparent upon reading the following de- 50 
tailed description and upon reference to the accom- 
panying drawings in which: 

Figure 1 is a block diagram that illustrates an in- 
terrupt controller coupled to a power management 
unit in accordance with the present invention. 55 

Figure 2 is a schematic diagram that illustrates a 
portion of an interrupt controller. 

While the invention is susceptible to various mod- 



ifications and alternative forms, specific embodi- 
ments thereof are shown by way of example in the 
drawings and will herein be described in detail. It 
should be understood, however, that the drawings 
and detailed description thereto are not intended to 
limit the invention to the particular form disclosed, but 
on the contrary, the intention is to cover all modifica- 
tions, equivalents and alternatives falling within the 
spirit and scope of the present invention as defined by 
the appended claims. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring now to the drawings, Figure 1 is a block 
diagram of a portion of a computer system including 
a power management unit 10 coupled to an interrupt 
controller 20. An I/O device 30 and a clock/power 
switching circuit 40 are further shown coupled to in- 
terrupt controller 20 and power management unit 1 0, 
respectively. 

Interrupt controller 20 includes a cascade buf- 
fer/comparator 110, a read/write logic circuit 112 and 
a data bus buffer circuit 116. Interrupt controller 20 
further includes a control logic circuit 1 1 8, an interrupt 
request register 120, a priority resolver 122, an in-ser- 
vice register 124, and an interrupt mask register 126. 
These circuit portions will be described in greater de- 
tail below. 

Interrupt controller 20 interfaces between a cen- 
tral processor (not shown) and one or more peripheral 
devices, (such as I/O device 30) which generate inter- 
rupt signals to indicate a need for servicing by the 
processor. The interrupt controller 20 is attached to 
the central processor as an input/output peripheral. 
Various parameters of the interrupt controller 20 such 
as the priority levels, interrupt signal mode, etc. may 
be programmed by the user to suit the particular 
needs of the system. The details of such program- 
ming are well-known to those skilled in the art. 

Interrupt request signals from peripheral devices 
are received on interrupt request lines IR0-IR7. It 
should be understood that while the interrupt control- 
ler of Figure 1 is configured to receive interrupts from 
eight sources, multiple interrupt controllers can be 
cascaded to operate in a master/slave relationship via 
cascade buffer/comparator 110 in the same manner 
as the prior art 8259A controller. A single interrupt 
controller circuit is shown and described herein in the 
interest of clarity. 

Interrupt controller 20 connects to the processor 
as follows. The CS pin is a chip select input which 
when enabled (low) enables the read/write logic cir- 
cuit 112 to permit communication between the inter- 
rupt controller 20 and the processor through a bidir- 
ectional internal bus 114, through the data bus buffer 
circuit 116 and through a bidirectional system data 
bus (OrDo) 

The write {WR) input to read/write logic circuit 
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112, when enabled, permits the controller 20 to ac- 
cept programming instructions from the processor. 
These instructions will include operating command 
words which set various parameters for operation of 
the controller 20. Enabling the read (RD) input of 5 
read/write logic circuit 112 permits the processor to 
obtain data indicative of the status of controller 20, in- 
cluding the status of the parameters set in the initial- 
ization sequence. The Ap address line in conjunction 
with the WR, CS and RD lines of logic circuit 112 ac- 10 
commodate the decoding of various command words 
from the processor and status requests from the 
processor. 

Data bus buffer circuit 116 is a bidirectional bus 
interface which permits transfer of control, status and 15 
interrupt address data between the controller 20 and 
the processor. The interrupt address data includes 
vectored pointers which identify the addresses in 
processor readable memory where the interrupt ser- 
vice routines for the particular peripheral devices are 20 
stored. 

Control logic circuit 118 controls the transmittal 
of interrupt requests to the processor via the interrupt 
line (INT) and receives interrupt acknowledge signals 
from the processor via the interrupt acknowledge line 25 
(INTA). 

In operation, when a valid interrupt request is as- 
serted by a peripheral device, controller 20 causes an 
interrupt signal to be placed on output pin INT which 
is typically connected to the processor's interrupt in- 30 
put terminal. After receipt of an interrupt request via 
the INT line, the processor generates an interrupt ac- 
knowledge signal which is passed to control logic cir- 
cuit 118 via the INTA line. An enabling signal on the 
INTA line causes the control logic circuit 118 to write 35 
the vectored address of the appropriate interrupt ser- 
vice routine to the data bus via buffer 116. 

As stated previously, interrupt requests from the 
various peripherals are received via request lines IRq- 
IR 7 . These are asynchronous requests. Interrupt re- 40 
quest register 120 receives and stores the identity of 
any interrupt line IR0-IR7 which is requesting an inter- 
rupt 

Interrupt request register 120 is connected in a 
cascade configuration to priority resolver 122. Priori- 45 
ty resolver 122 is a logic circuit which compares the 
priority levels (programmed by the user) of the inter- 
rupt lines requesting service to those in service, 
latches the lower priority requests in a standby mode, 
and directs servicing of the highest priority interrupt. so 

The outputs of the priority resolver 1 22 are con- 
nected to the in-service register 124. In-service reg- 
ister 124 stores the identification of any request line 
that is being serviced by the processor. 

Where the user desires to prevent one or more in- 55 
terrupt lines from being serviced either temporarily or 
on a more prolonged basis, a mask bit may be set that 
corresponds to that interrupt line. These mask bits 



are stored in interrupt mask register 126. Interrupt 
mask register 126 is configured to disable one or 
more interrupt request lines within interrupt request 
register 120. Interrupt mask register 126 is a read- 
able/writable register in bidirectional communication 
with the processor via internal bus 114 and data bus 
buffer circuit 116. 

Further details regarding various circuit blocks 
within portions of interrupt controller 20 are described 
in, for example, the Advanced Micro Devices public- 
ation "MOS Microprocessors and Peripherals" and 
within U.S. Patent No. 5,101,497 issued March 31, 
1 992 to Culley et al. This patent is incorporated herein 
by reference in its entirety. 

Interrupt controller 20 is further configured with 
a bus 130 coupled to in-service register 124 for pro- 
viding to externally connected devices the identifica- 
tion of any request line that is currently being serviced 
by the processor. In the embodiment shown, power 
management unit 1 0 is connected to bus 130 at a set 
of terminals 131 of the interrupt controller 20. It is not- 
ed that the interrupt controller 20 is fabricated on an 
integrated circuit chip and that the set of terminals 1 31 
are external pins of the integrated circuit chip. As will 
be explained in further detail below, power manage- 
ment unit 10 uses the information from in-service reg- 
ister 124 to control the re-stopping of various clock 
signals or to control the removal of power from inac- 
tive circuit portions for power management 

Power management unit 10 is configured to man- 
age the overall power consumed by the computer sys- 
tem. For example, powermanagement unit 1 0 may re- 
duce power consumption by turning off unused clock 
signals that normally drive the microprocessor (CPU), 
memory subsystems, and/or peripheral devices. 
Power management unit 10 may similarly be config- 
ured to remove the power supply from various sub- 
systems that are inactive. In such configurations, the 
power management unit 10 monitors the interrupt re- 
quest lines IFVIR7 and causes the clock signals to re- 
start and/or the power to be re-applied to the neces- 
sary subsystems (i.e., CPU, system memory, etc.) 
when an interrupt request signal is asserted. The 
power management unit 10 causes the clock signals 
to re-start and/or power to be re-applied by providing 
appropriate control signals to the clock/power switch- 
ing circuit 40. Once the clock signals have been re- 
started and/or power has been re-applied, execution 
of the interrupt service routine can be carried out 
These power management functions are well known 
to those skilled in the art and are described in a host 
of publications of the known prior art. For example, 
one such power management unit that includes a 
software routine for continually monitoring various 
subsystems of the computer system and for removing 
the power and/or clock signals from inactive subsys- 
tems is described within U.S. Patent No. 5,167,024 is- 
sued November 24, 1992 to Smith et al. This patent 
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is incorporated herein by reference in its entirety. 

In addition to the circuitry (and, in some imple- 
mentations, the software) that accommodates the 
functions described above, power management unit 
1 0 also includes a clock/power control unit 150 cou- 5 
pled to clock/power switching circuit 40. The 
dock/power control unit 150 is connected to bus 130 
and receives the status information within in-service 
register 124 that indicates whether any interrupt re- 
quest is currently being serviced by the microproces- 10 
sor. As stated previously, if any interrupt request is 
currently being serviced by the microprocessor, a cor- 
responding bit within in-service register 124 will be 
set The clock/power control unit 150 of power man- 
agement unit 10 receives this asserted bit through 15 
bus 130 and accordingly provides a control signal to 
clock/power switching unit 40. This control signal 
causes the clock/power switching circuit 40 to contin- 
ue providing the clock signals and power to, for exam- 
ple, the CPU and various subsystems. Thus, while a 20 
particular interrupt is being serviced and a corre- 
sponding bit of in-service register 124 is set, 
clock/power control unit 150 ensures that the clock 
signals are not re-stopped and that power to the va- 
rious subsystems is not removed by power manage- 25 
ment unit 10. 

After all the interrupt requests have been ser- 
viced by the microprocessor, each bit within in-ser- 
vice register 124 will be cleared. The clock/power 
control unit 1 50 of power management unit 1 0 senses 30 
this condition through bus 1 30 and accordingly pro- 
vides a control signal to clock/power switching circuit 
40 that causes, for example, the clock signals to be 
stopped and/or power to be removed from the various 
subsystems. In one embodiment, this may be accom- 35 
plished by incorporating an OR gate within 
clock/power control unit 150 with the inputs of the OR 
gate coupled directly to bus 130 and the output of the 
OR gate coupled directly to the clock/power switching 
circuit 40. The power management unit 1 0 could alter- 40 
natively be programmed to stop the clock signals 
and/or remove the power following a predetermined 
delay after the bits within in-service register 124 have 
all cleared. Depending upon the system design and 
the desired power management scheme, power man- 45 
agement unit 10 may be programmed with any other 
appropriate algorithm to re-stop the clock signals 
and/or remove power after the clock/power control 
unit 150 has sensed the cleared state of in-service 
register 124. For example, if a routine being serviced so 
by the microprocessor is the result of an interrupt re- 
quest initiated by a keyboard, the designer may 
choose to program the power management unit 10 to 
provide a predetermined delay after the in-service 
register 124 has cleared before re-stopping clock sig- 55 
nals and/or removing power since there is a probabil- 
ity that continued system activity will subsequently 
occur. 



Figure 2 is a schematic diagram that illustrates a 
portion of the internal circuitry incorporated within in- 
terrupt controller 20. It should be understood that the 
portion of the internal circuitry shown essentially rep- 
resents one logic cell of interrupt request register 120 
and of in-service register 124 which is duplicated 
within the interrupt controller for each interrupt re- 
quest line IR0-IR7. For the sake of clarity, the opera- 
tion of the circuit is described as it pertains to a single 
interrupt request line with the understanding that one 
of ordinary skill in the art could add the requisite num- 
ber of duplicate circuit elements to service the re- 
quired number of interrupt request lines. 

The circuit of Figure 2 includes an edge sense 
latch 200, a request latch 202, a mask latch 204, and 
an in-service latch 206. Also shown are NOR gates 
208-210, OR gate 211, and inverter 212. Request 
latch 202 is a latch within the interrupt request register 
120. A logic high at the D input of latch 202 produces 
a logic low at the Q output which satisfies half of the 
input condition for NOR gate 210. The second input 
condition is satisfied unless the interrupt has been 
masked (disabled) via mask latch 204. Mask latch 204 
is a D-type latch which forms part of interrupt mask 
register 26. The interrupt request is then passed to 
the priority resolver 122 for transmittal to the control 
logic 11 8 after resolving conflicts. When the interrupt 
request is passed to the control logic 118, its INT out- 
put is enabled thereby communicating the interrupt 
request to the processor. When the interrupt request 
is acknowledged by the processor via the interrupt ac- 
knowledge signal (INTA), the in-service bit is set, 
which sets in-service latch 206. This signal also en- 
ables OR gate 21 1 which clears edge sense latch 200 
to reinitialize the circuit to receive the next interrupt 
The output of in-service latch 206 is coupled to one 
of the bit lines of bus 130. 

Numerous variations and modifications will be- 
come apparent to those skilled in the art once the 
above disclosure is fully appreciated. For example, 
although the bus 130 of Figure 1 connects each sta- 
tus bit of in-service register 124 to the terminals 131, 
two or more of the status bits within in-service regis- 
ter 124 may be logically ORed within the interrupt 
controller 20 to reduce the pin-count of the interrupt 
controller 20. Furthermore, although the interrupt 
controller 20 and power management 10 are illustrat- 
ed as separate units, interrupt controller 20 and pow- 
er management unit 10 could be incorporated on a 
common integrated circuit chip, thereby eliminating 
the external pins that connect to bus 130. It is intend- 
ed that the following claims be interpreted to embrace 
all such variations and modifications. 



Claims 

1 . A computer system comprising: 
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a peripheral device capable of asserting 
an interrupt request signal; 

an interrupt controller including at least 
one interrupt request line for receiving said inter- 
rupt request signal, wherein said interrupt con- 5 
trailer includes a control circuit capable of gener- 
ating a microprocessor interrupt signal in re- 
sponse to the assertion of said interrupt request 
signal, and wherein said interrupt controller fur- 
ther includes an in-service register for storing 10 
data indicative of whether a particular interrupt 
request is currently being serviced by a micropro- 
cessor; and 

a power management unit coupled to an 
output line of said in-service register, wherein 15 
said power management unit controls a clock sig- 
nal depending upon the data stored within said in- 
service register. 

2. The computer system as recited in Claim 1 20 
wherein said interrupt controller further compris- 
es: 

a plurality of additional interrupt request 
lines for receiving a plurality of interrupt request 
signals; and 25 

an interrupt request register coupled to 
said plurality of interrupt request lines for receiv- 
ing and storing the identity of any said plurality of 
interrupt lines which is requesting an interrupt. 

30 

3. The computer system as recited in Claim 2 
wherein said interrupt request register is further 
coupled to a priority resolve r circuit for prioritizing 
said plurality of interrupt signals. 

35 

4. Trie computer system as recited in Claim 1 
wherein said control circuit is capable of receiving 
an acknowledge signal from said microproces- 
sor, wherein the data stored within said in-service 
register is controlled by said acknowledge signal. 40 

5. The computer system as recited in Claim 1 
wherein said power management unit controls 
the stopping of said clock signal depending upon 

the data stored within said in-service register. 45 

6. The computer system as recited in Claim 5 
wherein said power management unit stops said 
clock signal only if no interrupt requests are being 
serviced by said microprocessor. so 

7. The computer system as recited in Claim 1 
wherein said clock signal is provided to clock said 
microprocessor. 

55 

8. The computer system as recited in Claim 1 
wherein said clock signal is provided to clock a 
computer subsystem. 



9. A computer system comprising: 

a peripheral device capable of asserting 
an interrupt request signal; 

an interrupt controller including at least 
one interrupt request line for receiving said inter- 
rupt request signal, wherein said interrupt con- 
troller includes a priority control circuit capable of 
generating a microprocessor interrupt signal in 
response to the assertion of said interrupt re- 
quest signal, and wherein said interrupt controller 
further includes an in-service register for storing 
data indicative of whether a particular interrupt 
request is currently being serviced by a micropro- 
cessor, and 

a power management unit coupled to an 
output line of said in-service register, wherein 
said power management unit controls power sup- 
plied to a computer subsystem depending upon 
the data stored within said in-service register. 

10. The computer system as recited in Claim 9 
wherein said interrupt controller further compris- 
es: 

a plurality of additional interrupt request 
lines for receiving a plurality of interrupt request 
signals; and 

an interrupt request register coupled to 
said plurality of interrupt request lines for receiv- 
ing and storing the identity of any said plurality of 
interrupt lines which is requesting an interrupt. 

11. The computer system as recited in Claim 10 
wherein said interrupt request register is further 
coupled to a priority resolver circuit for prioritizing 
said plurality of interrupt signals. 

12. The computer system as recited in Claim 9 
wherein said control circuit is capable of receiving 
an acknowledge signal from said microproces- 
sor, wherein the data stored within said in-service 
register is controlled by said acknowledge signal. 

13. The computer system as recited in Claim 9 
wherein said power management unit causes 
power to be removed from said computer subsys- 
tem depending upon the data stored within said 
in-service register. 

14. The computer system as recited in Claim 13 
wherein said power management unit causes 
power to be removed from said computer subsys- 
tem only if no interrupt requests are being ser- 
viced by said microprocessor. 

15. An interrupt controller fabricated on an integrated 
circuit chip comprising: 

an interrupt request register for receiving a 
plurality of interrupt request signals from a plur- 
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ality of peripheral devices; 

a priority resotver circuit coupled to said in- 
terrupt request register for directing the servicing 
of a highest priority interrupt request signal; 

a control circuit for generating a micropro- s 
cessor interrupt signal in response to said highest 
priority interrupt request signal and for receiving 
an acknowledge signal from a microprocessor; 

an in-service register coupled to said con- 
trol circuit for storing data indicative of whether io 
any of said interrupt request signals are currently 
being serviced by said microprocessor; and 

an output terminal coupled to an output line 
of said in-service register, wherein said output 
terminal is capable of being connected to devices 15 
that are external to said integrated circuit 

16. The interrupt controller as recited in Claim 15 
wherein said output terminal provides a signal in- 
dicative of whether any of said interrupt request 20 
signals are currently being serviced by said mi- 
croprocessor. 

17. The interrupt controller as recited in Claim 15 
wherein a second output terminal is coupled to a 25 
second output line of said in-service register, 
wherein said second output terminal is capable of 
being connected to devices that are external to 
said integrated circuit 

30 

18. The interrupt controller as recited in Claim 15 
wherein said in-service register includes at least 
one latch, wherein said latch is set if one of said 
interrupt request signals is being serviced by a 
microprocessor and wherein said latch is cleared 35 
if said one of said interrupt request signals is not 
being serviced by said microprocessor. 
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